We examined patterns of variation in skeletal morphometrics (29 characters), allozymes (34 loci), mitochondrial DNA (mtDNA) restriction sites (n = 74) and fragments (n = 395), and mtDNA sequences (1,739 bp from cytochrome b, ND2, ND6, and the control region) among all species of Toxostoma. The phenetic pattern of variation in skeletal morphometrics generally matched traditional taxonomic groupings (based on plumage patterns) with the exceptions of T. redivivum, which because of its large size clusters outside of its proper evolutionary group (lecontei), and T. occelatum, which did not cluster with T. curvirostre. Skull characters contributed highly to species discrimination, suggesting that unique feeding adaptations arose in different species groups. Although genetic variation was detected at isozyme loci (average heterozygosity = 3.6%), these data yielded little phylogenetic resolution. Similarly, mtDNA restriction sites were relatively uninformative; hence, phylogenetic conclusions were based on sequence data. Phylogenetic analyses confirmed the monophyly of these traditionally recognized assemblages: rufum group (T. rufum, T. longirostre, and T. guttatum ), lecontei group (T. lecontei, T. crissale, and T. redivivum ), and cinereum group (T. bendirei and T. cinereum). The cinereum and lecontei groups appear to be sister lineages. Monophyly of the curvirostre group (which also includes T. occelatum) was not confirmed. Sequence data suggest that T. occelatum and T. curvirostre, which differ by 7.7% sequence divergence, are probably most closely related to the rufum group. Toxostoma rufum and T. longirostre have similar external appearances and differ by 5.0%. Toxostoma guttatum is restricted to Cozumel Island and often is considered a subspecies of T. longirostre; it differs by more than 5% from the other two members of the rufum group and is a distinct species constituting the basal member of this group. The phenotypically distinctive T. bendirei and T. cinereum differ in sequence divergence by only 1.6%. Overall, mtDNA distances computed from coding genes (mean 8.5%) exceeded distances computed from the control region (mean 7.6%), contrary to expectation. Because neither allozymes nor mtDNA could unambiguously resolve the placement of T. occelatum and T. curvirostre, a scenario involving contemporaneous speciation is suggested. Application of a molecular clock suggested that most speciation occurred in the late Pliocene or early Pleistocene. THE AVIAN GENUS Toxostoma (thrashers) includes 10 formally recognized species distributed throughout much of North America (Fig.   1 
Hubbard proposed that cycles of late Pleistocene glaciations led to speciation in these clades and that parallels in distribution among groups resulted from independent evolutionary responses to a common set of isolating events. If each lineage responded to the same sequential series of vicariant barriers, they should exhibit congruent area cladograms. However, phylogenetic analyses of these groups were not explicit. To facilitate biogeographic analysis and understanding of avian evolution in the aridlands, we undertook phy-logenetic studies of these lineages (Zink and Blackwell 1998a, b; Zink et al. 1998). We report here on Toxostoma, for which we obtained multiple data sets, including skeletal morphometrics, allozymes, and both restriction fragments/sites and sequences of mitochondrial DNA (mtDNA); only sequence data were available for T. guttatum. as an outgroup for all analyses; we also used the Northern Mockingbird (Mimus polyglottos) as an outgroup for some data sets.
Morphometrics.--We (RMZ) measured 29 skeletal characters (Table 1) to the nearest 0.01 mm. These characters represented major body regions and were scored on a total of 174 specimens (Table 2) Principal components analysis (PCA) was used to summarize broad patterns of overall skeletal similarity; measurements were log•, transformed, and components were extracted from the covariance matrix using SAS. PCAs were done on species' character means to mitigate the effects of differing sample sizes and different variance-covariance structures, and also on all individuals. Using NTSYS, a minimumspanning tree (MST) was computed from taxonomic distances derived from log-transformed character means and superimposed on the principal components plots to reveal distortion resulting from collapsing all variation into two or three axes (Sneath (Table 3) . We scored the presence/absence of 395 restriction frag-[Auk, Vol. 116 ments and from these inferred the presence/absence of 74 restriction sites for 9 restriction enzymes. In the latter case, sites were easily inferred from digestion profiles and were obviously related by one or two cleavage events; hence, a sample of restriction sites could be scored without double-digestions. The fragment matrix for all haplotypes was converted to pdistances (Nei and Li 1979) using a computer pro- (Table  3) . Within species, haplotypes generally differed by less than 1% (Table 5) (Table 7) ranged from 0.016% (T. bendirei vs. T. cinereum) to 11.6% (O. montanus vs. T. lecontei). Kimura 2-parameter distances averaged 8.5% for coding genes (combined) and 7.6% for noncoding regions. The gl statistic, -0.89 (P < 0.05), suggested signal in the data set, and the PTP test (Hillis and Huelsenbeck 1992) indicated that the observed tree was significantly shorter than random trees (P < 0.01). Because the trees inferred from restriction endonuclease analysis and direct sequencing were broadly overlapping, we believe that no sequences were nuclear copies of mitochondrial genes (Zhang and Hewitt 1996). Furthermore, the pattern of variation at coding genes was that expected from functional copies. For the control region, the TS:TV ratio is 2.1:1. Second position  Third position   region  TS  TV  TS  TV  TS  TV   Cyt b  12  1  3  0  57  15   ND6  11  2  4  0  28  6  ND2  15  3  7  0  61  6 PHYLOGENETIC ANALYSES The data sets analyzed by various distance, maximum-likelihood, and maximum-parsimony methods yielded many trees. To evaluate these trees, we selected 10 ( Figs. 4 and 5) that illustrate the range of variation in placement of taxa from different data sets (topologies 1, 3, 5, 6, 9, 10) and traditional arrangements (2, 4, 7, 8), and compared each topology with the Kishino-Hasegawa (1989) test for each data set (Table 8). The allozyme data were unable to reject any of the topologies. The restriction-site data favored topology 4 and rejected trees 1, 2, 5, and 7. The combined sequence data from coding genes were analyzed independently (to insure that signal from coding and noncoding regions was consistent). Parsimony analyses using the two weighting schemes favored different topologies (topology 1, equal weighting; topology 10, weighted), but neither topology was significantly worse according to the nonparametric Templeton (Wilcoxon signed-ranks) test implemented in Paup*. Maximum-likelihood analyses of the two data sets (coding and total sequence) rejected topologies 4 and 6, and the combined data additionally rejected topologies 2, 3, and 5. The favored restriction-site tree was rejected by the sequence data, whereas the favored sequence topology was not significantly worse according to the restriction-site data. The "best" allozyme tree was significantly worse according to both sequence data sets and restriction sites. Bootstrapping combined sequence data produced a parsimony tree (Fig.  5 ) that was very similar to topology 10; the bootstrapped NJ tree (not shown) had the same topology. These results were unchanged when the "missing-ambiguous" characters were included (because some phylogenetic information is lost by their exclusion).
Gene

First position
Topology 10 was chosen as a working hypothesis because it was the maximum-likelihood and maximum-parsimony (weighted) sequence topology and was not rejected by either allozymes or restriction sites. In this and most other topologies, several relationships consistently received high bootstrap support (Fig. 5) . The cinereum, lecontei, and rufum groups were monophyletic. Toxostoma guttatum (Cozumel Thrasher) most likely is the basal member of the rufum group and is about 5% divergent from either T. rufum or T. 1ongirostre. The relationships of T. curvirostre and T. occelatum, as well as the arrangement of the major groups, were unclear. However, bootstrap proportions Fig. 2) analyses re-vealed that each species is well separated in skeletal morphometric space, which is consistent with the observation that the adult plumages allow unambiguous species-level discrimination. The high loadings of skull characters in the PC analysis confirms Engels' (1940) conclusion that adaptive changes in major groups involved the structures (bill curvature, mandible length, and associated musculature) associated with digging in the ground for food. Three of the four species groups described by Engels (1940) were recovered by our cluster analysis (Fig. 3 ), suggesting that these major groups are [Auk, Vol. 116 4 and 5 . An asterisk signifies that the data significantly reject that topology, and bold font indicates the best topology for that data set for the particular analysis. Values given for allozymes and restriction sites exclude T. guttatum, and no values are given for topologies 8 and 9 because they involved topological rearrangements only of this species (which was not included in any but sequence evaluations). Fig. 1) and the PC plot (Fig. 2) shows that sympatry generally is achieved only among thrashers from different major groupings. When the minimum-spanning tree (not shown) derived from mtDNA distances was superimposed on the PCA plot of skeletal means (Fig. 2) , the only distortion involved T. redivivum, which was separated from other members of its group (T. lecontei and T. crissale) primarily along the "size" axis (PC I), and apparently was closer to T. curvirostre. The genetic data (Figs. 4 and 5) show this latter result to be convergence in "skeletal space" by two allopatric species (T. redivivum and T. curvirostre). Species from the same major group that are sympatric tend to be relatively genetically differentiated Fig. 5 ), they differ by 5.0% sequence divergence (Table 7) , which is greater than that between the phenotypically distinctive T. bendirei and T. cinereum. Toxostoma guttatum was distinct from either T. rufum or T. longirostre, which is inconsistent with classifications that considered it to be a diminutive subspecies of T. longirostre (AOU 1983). Thus, the Cozumel Thrasher has had a relatively long independent evolutionary history. Given the small area of this island, and the frequent hurricanes of major environmental influence, it seems unlikely that T. guttatum has persisted for a long period solely on this small island. Rather, we hypothesize it to be a relict species. Maps of sea level at the height of the Pleistocene (e.g. Rosen 1978) show that considerably more exposed land surrounded the Yucatan Peninsula 18,000 years ago than exists today, which might have provided more habitat for this species. The level of genetic distinctness shows that conservation of T. guttatum is important for the preservation of diversity in the genus. Future studies need to include this taxon in nuclear gene trees as well as in morphometric studies.
Topo-Restriction
The relationships of T. curvirostre and T. occelatum are problematic (Figs. 4 and 5) , and the two taxa do not appear to be sister species. Although a close relationship between T occelatum and T. curvirostre is apparent in the color plate in Hubbard (1973), we believe their similarity is overemphasized relative to skeletal morphometrics and side-by-side comparison of study skins (Fig. 3) . The phylogenetic hypotheses suggest that T. curvirostre and T. occelatum are related to the rufum group. Inspection of adult T. longirostre and T. occelatum reveals similarity in bill size and spots on the plumage. Hubbard (1973) suggested that speciation in curvirostre-occelatum was analogous to the cinereum group in that a southern taxon (occelatum) become isolated and evolved darker ventral spotting. However, whereas T. bendirei and T. cinereum differ by less than 2% sequence divergence, T. occelatum and T. curvirostre differ by 7.7% (Table 7) , implying a much older common ancestor for the latter pair of taxa. Thus, sequence divergence between T. occelatum and T. curvirostre, along with the lack of support for their monophyly, cast doubt on Hubbard's hypothesis that the two species are closely related.
Differing placements of T. occelatum and T. curvirostre do not result simply from different rootings of the same ingroup tree (e.g. Zink and Blackwell 1998a, b). We hypothesize that nearly contemporaneous speciation events iso- -1 (3) .
The following loci were scored as monomorphic and fixed for the same allele in all taxa: Pgm-2, Ck-1,2;
Sod-2, Icd-2, Ldh-2, Got-2, Mdh-2, Sdh, and G-6-Pdh. 1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.9, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.1, 1.0,  0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0,  0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0 Toxostoma bendirei 0.0, 1.0, 0.0, 0.0, 0.0, 0.92, 0.0, 0.04, 0.04, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.96, 0.04, 0.0,  0.85, 0.0, 0.92, 0.08, 0.0, 0.85, 0.15, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0, 1.0, 1.0, 0.375, 0.0,  0.625, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.875, 0.125, 0.0, 0.79, 0 0.95, 0.05, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 0.875, 0.0, 0.0, 1.0, 0.0, 0.0, 0.91, 0.09, 0.0 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0,  0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 1.0,  0.0, 0.0, 0.0, 1.0, 0.0, 1.0, 1.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0 1.0, 0.75, 0.25, 0.0, 0.0, 0.96, 0.0, 0.04, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 0.875, 0.0, 0.125, 0.5, 0.125, 0.375, 0.96,  0.0, 0.0, 0.0, 1.0, 0.92, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.04, 0.0, 0.96, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 1.0, 1.0, 0.0,  0.0, 0.0, 1.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0 1.0, 0.81, 0.0, 0.0, 0.0, .0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.875, 0.125, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0,  1.0, 0.0, 0.875, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0,  1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0 0, 1.0, 0.0, 0.0, 0.0, 0.75, 0.0, 0.25, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0,  0.0, 1.0, 0.0, 0.75, 0.0, 0.0, 0.25, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 1.0, 1.0, 1.0, 0.0, 0.0, 0.0, 1.0,  0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0 0.90, 0.05, 0.05, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.27, 0.95, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0,  0.0, 1.0, 0.0, 1.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.05, 0.0, 0.0, 0.0, 0.0, 0.95, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 1.0, 1.0, 1.0, 0.0, 0.0,  0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0 Oreoscoptes montanus 1. 0, 0.82, 0.11, 0.0, 0.07, 0.0, 0.86, 0.0, 0.0, 0.14, 0.0, 1.0, 0.96, 0.0, 0.04, 0.0, 0.25, 0.75, 0.0, 0.95, 0.0, 0.0, 1.0,  0.0, 0.0, 1.0, 0.0, 0.05, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 1.0, 0.0,  0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0 
Mimus polyglottos
